An environmental geologic study was performed during the summer of 1976 in lower Cook Inlet and on Kodiak Shelf, Alaska. Seismic information was collected over a total of 3524 nm (nautical miles) (6555 km) using single channel sparker, uniboom and 3.5 kHz (kilo Hertz) seismic profiling systems.
Kodiak Shelf consists of flat, relatively shallow banks that are cut by transverse troughs. Fold axes trend in a general northeast-southwest direction but are discontinuous and evidently have many deviations in orientation. Physiographic scarps, apparently representing surface faulting, occur over the shelf and are most abundant in three areas: 1) off the southeast coast of the Kodiak islands, 2) near the shelf break on Albatross Bank, and 3) on Portlock Bank. Significant slumps or sedimentary bedforms did not appear on our acoustic records on the shelf. However, several zones of slumping were found on the continental slope.
Unconsolidated sediments on Kodiak Shelf are distributed in relation to physiography. Sands bearing gravel and boulders, and commonly containing large amount of broken shell material, are characteristic of the banks. High-resol ution -5
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Other sampling devices and subsamples 10 Table 1 ). Regional information about.the surface and shallow subsurface geology of both these areas was obtained primarily by seismic surveying and sediment sampling. The seismic surveying utilized a 90,000 joule sparker system, a hull-mounted uniboom system, a hull-mounted 3.5 kHz system and a magnetometer. Most sediment samples were obtained with a modified grab sampler, but several dart cores and gravity cores were also taken, as well as one dredge. Side scan sonar records were collected from selected areas, and in lower Cook Inlet four bottom television surveys were made.
All seismic records were directly studied on board ship and recognizable features were plotted on 1:500,000 scale charts. Subsamples were taken from all grab samples for smears!ides and grainmounts, and grain sizes were estimated by microscopic observations. Gravity cores were split lengthwise, photographed, and radiographed. Also, routine geotechnical index properties were measured and subsamples taken.
This report contains information about the types of data collected (Table 1) , locations of cruise tracks (Pis. 1 and 2), and locations of sampling stations (Pis. 6 and 9). Raw data maps from the sparker observations are given, as well as plots of the shipboard microscopic sediment analyses. In addition, separate maps showing only sand wave fields and surface faults in Cook Inlet and slumps and surface faults on the Kodiak shelf and slope, as deduced from preliminary inspection of our sparker records, are presented to clearly point out conditions of possible concern to resource development of these areas.
1
A shipboard regional interpretation of the sparker data from lower Cook
Inlet is included in this report. However, a regional interpretation of sparker data from the Kodiak shelf has not yet been made. It will be done after the deep seismic, multichannel data, during 1975 and 1976 collected on board the research vessels CECIL GREEN and S.P. LEE, is processed and can be used as a base for the shallower, structural elements. This entire report should be considered as preliminary, and a more thorough analysis of data will be made during the winter season.
Only a limited number of references will be given in this report. For background information the reader is referred to two recent U.S. Geological
Survey open-file reports (von Huene and others, 1976; Magoon and others, 1976) and the references listed in those.
Note: all seismic records, navigational and other pertinent data are on microfilm. These can be obtained from the National Geophysical and Solar 
Navigation
Two independent navigational systems were used by the scientific party. One unit consisted of a Magnavox integrated satellite-Loran C system, the other was a Motorola Mini-Ranger unit. The data from the integrated system were automatically recorded on magnetic tape, as well as typed out on a keyboard printer. The Mini-Ranger data were recorded on paper tape at 7-1/2 minute intervals. j
Every 15 minutes the Mini-Ranger positions were plotted manually on" a 1:500,000 scale chart, as were all acceptable satellite positions. For easy reference a shot-point number was given to each 15-mintue position. In addition to the routine plots, the locations of major course changes were also plotted. Furthermore, dead-reckoning positions, based on satellite data, the ship's single-axis speed log and the gyro, were computed every two seconds by the integrated system and stored on magnetic tape.
The Mini-Ranger system received its return signals from shore-based transponders positioned at desirable locations by a land-based support group,
A maximum line-of-sight range over 80 nautical miles was obtained for some transponder locations.
The Mini-Ranger was used as the primary navigational system because of the high frequency and accuracy of the data and because most track!ines were within range limits of the system. Also, many positions obtained by the intergrated system were of low quality due to lack of adequate Loran C coverage in this region and because of a high percentage of satellite passes with elevations that precluded good position determinations.
In addition to the navigation by the scientific party, the ship's officers frequently succeeded in using radar and obtaining line-of-sight bearings. Correspondence between the ship's and scientific positions generally was very high.
Seismic Profiling and Visual Format Systems
Sparker: A total of 2419 nm of sparker data was recorded in Cook Inlet and on the Kodiak shelf, using a Teledyne system at a power of 30, 60, or j 90 kilojoules. Seismic signals were received on a Teledyne 100-element, single-channel hydrophone, and the record was printed on a Raytheon model 1900 Precision Recorder. Usually, sweep and firing rates were at 2 seconds.
Although several different settings were used, filters generally were adjusted to receive signals between 20 and 160 hertz. Records were annotated at 15-minute intervals with shot-point number, time (Greenv/ich Mean Time.GMT), and water depth.
Uniboom: Uniboom records were collected over a total of 2552 nm. The uniboom system used four EG&G model 234 power sources of 200 joules each driving hull-mounted plates. The hydrophone was an EG&G model 265. Data were recorded on an EPC 4100 recorder. Sweep and firing rates were typically at one-half second although some quarter-second rates were used. Filter settings typically were at about 600 to 1600 hertz.
Annotations were made in the same manner as those on the sparker system, but at 5-minute intervals.
High-resolution: A Raytheon TR-109 3.5 kiloHertz seismic system, with a Raytheon 105 PTR transceiver and a CESP-II correlator, was used to gather 3524 nm of high-resolution -shallow-penetration seismic data, as well as bathymetry.
The system operated with 12 hull-mounted transducers, and the data were recorded on an EPC 4100 recorder. Sweep and firing rates typically were at one-half second, but quarter-second rates also were used. Annotations were made in the same manner as those on the uniboom system.
Record quality: Three factors that significantly affected quality of the seismic records were the typically coarse-grained and hard nature of the unconsolidated surficial sediments, the shallow water depth throughout most of both areas, and acoustic vibrations from the vessel.
Coarse-grained and hard sediments had the most severe effect on the uniboom and 3.5 kHz records, causing much of the outgoing energy from these high-frequency systems to be reflected directly from the sea bottom with only a minor amount of energy penetrating through to subbottom reflectors.
Some of the uniboom records show subtle, irregular traces of subbottom reflectors, which can be traced and correlated only with difficulty. Many of the 3.5 kHz records show no sign of subbottom reflectors and can be used only as indicators of water depth.
The shallow water depth caused multiples to appear at small distances below the initial sea-bottom reflection, partially or totally obscuring signals from deeper reflectors.
Vibrations from the ship's engines and gear boxes proved troublesome at certain RPM's, giving a noisy signal on the recorders. This problem was minimized by cruising at the optimum, least noisy speeds.
Although these three factors each has a deleterious effect on record quality it was found by varying ship speeds and filter settings that the nature of the bottom sediments was the main reason for the seismic systems to display "poor" subbottom acoustic reflections on the records. Depth of penetration and details in the record consequently varied with type of bottom and water depth. Except for certain parts, the records allow adequate subbottom interpretation of geology.
Magnetometer: A Varian proton magnetometer was used together with an X-Y i plotter. The magnetometer fish was towed about 600 feet (200 m) behind the vessel. A sampling rate of 3 seconds was used. Due to the 2-second firing of the sparker, an overwhelming noise was introduced causing the magnetometer to give very poor records when both systems were operating at the same time.
Side scan sonar: The side scan sonar unit used was an EG&G model, normally operated at a 125 m scale and towed above the bottom at 10% of the scale employed. High quality records were obtained. Although all side scan sonar surveys were run at a ship speed of 4-41/2 knots, currents could be responsible for a higher speed over the bottom. A few times a survey was interrupted or had to be discontinued due to hitting an unexpected bottom high. Also, a few times the side scan sonar unit hit bottom due to a sudden drop in ship's speed caused by a sudden decrease in current velocities. A total of 107 nm (198 km) of side scan sonar records were obtained ( Fig. 2 and 3 ).
Normally the uniboom and 3.5 kHz units were run simultaneously with side scan sonar for depth control and possible subbottom information.
Bottom television and bottom camera: A Hydro Products bottom television unit and an underwater mercury light were mounted on a small sled, about 30 cm wide and 80 cm long. A four-point bridle was attached to the lowering wire.
A multiconductor cable, leading to the camera and light, was taped at 5-m intervals to the winch cable.
The bottom television operation was conducted only in lower Cook Inlet (Fig. 2) and required four persons for smooth performance: One person operating the winch, one on the conducting cable, one on the TV monitor and tape recorder, and one on the 3.5 kHz (depth) and/or uniboom recorder. Continuous contact between the operators was maintained by means of walkie-talkie sets.
Since currents are always present in the lower Cook Inlet area it was impossible to fly the sled slowly and at a uniform distance over the bottom.
Consequently a system of jumping had to be used, lowering the sled to the bottom and giving some slack wire. Due to ship's drift the cables became taut after a few seconds and the sled was then dragged over the bottom. The monitor operator then informed the winch operator to raise the unit, straighten the wire angle and lower it again.
Two fins, attached to the sled, oriented the sled in the current direction. A bar with divisions of 5 cm, and a compass attached to it, were mounted to the frame allowing direct and later measurements of bottom forms and local directions of current and/or sediment transport. Although a wideangle lens was used, the area of observation was slightly more than 50% of the sled size, preventing observation of any bedform larger than about 50 cm.
The bottom camera was a 35 mm cassette EG&G unit mounted^vith its strobe in a large frame. Exposure was conducted via an electrical bottom contact, transporting the film as soon as a picture was obtained. Due to a longer focal length than the TV camera and the high amount of particulate matter, mainly organic, in the water column, few acceptable frames were obtained.
Sampling Devices
Gravity corer: The gravity corer consisted of an 800-pound weight with valve to which a 6-foot, 3-inch ID sampling pipe can be attached. In the bottom of the pipe, a brass-fingered core catcher was inserted and kept in place by a core nose. A clean butyrate tube was used as liner.
As soon as the filled liner was removed from the pipe, excess water was drained off and the core capped on both ends. The caps were secured with tape and later glued to the butyrate.
In the ship's sediment laboratory the liner was cut lengthwise using a cutter similar to that used by Deep Sea Drilling Project on the D/V GLOMAR CHALLENGER. The core was cut either with an electro-osmotic knife or with a spatula (Bouma, 1969) . One half was then selected for archive storage.
This half was photographed (8 x 10 in. camera), radiographed, described and color coded. In addition smear slides and grain mounts were made during the descriptive phase.
The other half -the working half -was subjected to vane shear measurements (Torvane) and hand-penetrometer tests. From the same depths, samples were collected for grain size analyses, faunal determinations (e.g., foraminifera), clay mineralogy, and geotechnical analyses (water content, bulk density, Atterberg limits).
After the shipboard processing, both core halves were placed in D-tubes and then stored in the scientific refrigerator.
Dart corer: Where seismic records indicated hogbacks of older sedimentary rocks cropping out on Albatross and Portlock Banks, a dart corer proved to be the only coring device capable of obtaining a sample. This device consisted of an 800-pound lead weight to which a 30 to 45-cm-long pipe was attached, having an inside diameter of 1-3/4 inches. The procedure consisted of lowering the corer to about 40 m off the bottom, after which the winch was placed in neutral allowing the corer to obtain near-terminal velocities before striking the bottom. Pull-out varied due to depth of penetration and type of bottom material and reached values as high as 10,000 pounds, but typically was 3,000 to 5,000 pounds. The sediment was extruded on board ship using an hydraulic ram. However, about 40% of the cores could not be extruded. Subsamples were removed from the bottom of each dart core for faunal examinations.
Van Veen grab samplers: The normal Van Veen grab sampler proved to be too light for adequate sampling of the typically sandy-gravelly bottoms. Generally successful attempts were obtained with a heavy modified grab sampler constructed by Andy Soutar of Scripps Institution of Oceanography for lan Kaplan at UCLA.
A four-legged frame housed two vertical rails along which the actual grab could move. The top covers of the sampler could be opened completely for full access. The addition of weight up to 400 pounds on top of the grab provided sufficient force for the half-rour.d sides to dig into coarse material during the closing operation. When rock fragments got caught between both halves of the grab, imcomplete closure resulted and part or all of the sample was.lost. In general the results were good to adequate, and this instrument retrieved samples where other devices failed.
The Soutar grab sampler was teflon coated for geochemical work done by UCLA scientists. In addition to their subsamples, a core in plastic liner was taken from the least disturbed area of the grab sample for sedimentological work, and bulk samples were collected for petrographic studies.
Dredge: The rock dredge consisted of 1/2 inch by 2 inch flat-stock welded into a rectangular frame. A chair, net, made from metal rings makes the basket. To the front of the frame a yoke is mounted to which the winch cable was attached.
The dredge was used without an additional weight in front. Although only one lowering was made near the Barren Islands, the dredge worked very successfully.
Other sampling devices and subsamples: On board, subsamples were collected routinely for clay mineralogical investigations (J. Hein, U.S. Geological i Survey), foraminiferal studies (R. Poore, U.S. Geological Survey) and heavy metal analyses (C. Holmes, U.S. Geological Survey). Cores and bulk samples will be used for petrological, mineralogical and granulometric studies. When algae and corals were present they were sampled for R. Rezak (Texas A&M Univ.)
LOWER COOK INLET
The open waters of lower Cook Inlet are characterized by a fairly smooth bottom over which strong diurnal tidal currents move. As a consequence the surficial sediments are coarse grained, preventing significant penetration of high frequency seismic signals. It was found, however, that 30 kilojoules of the sparker system provided more than sufficient energy to obtain penetration to at least the first water-bottom multiple, and at the reduced power the strength of multiples was less. The uniboom records varied with ship's motion and coarseness of the bottom giving poor penetration in many areas. The 3.5 kHz system often failed to collect subbottom information and many records show no subbcttom reflections.
The raw data map constructed from the sparker records reveals that many areas show subbottom reflectors that are more or less parallel to the bottom (PI. 3). Although some lateral variation in intensity of such reflectors exists, no interpretation could be made due to absence of long cores and lack of public information on drill holes.
Many anticlines and synclines were encountered in the sparker profiles (PI. 4). Density, shape and size varies between track lines making correlations occasionally questionable. Utilizing reports and personal assistance from L.B. Magoon (Magoon and others, 1976; Magoon and others, 1976 in press) an interpretation of the structural elements, as seen in the'sparker records was attempted (PI. 4). The general pattern of near surface folds is parallel to the surrounding tectonic pattern on shore. Distinctness of anticlines and synclines decreases from latitude 60° N south toward a line between Seldovia and the volcanic island Augustine. This line corresponds to the location of the Augustine-Seldovia Arch (Magoon and others, 1976 in press).
South of this arch the folding is more intense-and a change in direction toward the Mt. Douglas area becomes apparent. Correlation between tracklines in the same area, some of which were run in rougher seas than others, often becomes dubious. Part of the problem of correlation between tracklines is due to the presence of major unconformities that obscure deeper structural elements. In addition, the density and offset of surface and subsurface faults varies between tracklines (PI. 5). Rippled bedforms differ in size and characteristics between these patches. In central Cook Inlet (PI. 6, sta. 44) large asymmetric underwater dunes were observed, some of them 1 km long and 10 meters high. Their asymmetry indicates a net transport to the south. However, during the television lowering over this area a northern sediment movement was observed, transporting sand via small current ripples.
In other areas northerly migrating asymmetric dunes were found, while more or less symmetric forms are not uncommon. Along soma longitudinal tracklines dune fields appear and disappear without an observable change in water depth. Along such a stretch asymmetric ripples can change into symmetric ones, and even*change direction of asymmetry. (Table 4) . Petrologically, five major components were distinguished: quartz, total feldspar, heavy and mafic minerals, rock fragments and glass shards. The sand samples, when not inudated by shards, were about equally divided between quartz plus total feldspar on the one hand and heavy and mafic minerals plus rock fragments on the other hand.
Considerable variations occur and rock fragments plus heavy minerals in some samples constitute 75% of the total sand fraction.
The heavy mineral assemblage is varied: epidote, garnet, magnetite, horn- (Fig. 4) . This physiography reflects the erosive action of glaciers and waves as well as some bedrock structural control.
Sparker records show that the shallow bedrock structure of Kodiak Shelf consists of a series of folds that apparently trend in a general northeastsouthwest direction (PI. 7). However, fhey show enough deviation in trend and discontinuity that confident regional correlations of fold axes cannot be made at this time. Especially obvious, though, are major anticlinal crests that occur near the shelf break on Albatross Bank.
Several surficial scarps, underlain by offset reflectors, also are evident on the sparker records implying surface faulting. These features are most abundant in a zone just off the southeast coast of the Kodiak island group, near the shelf break on Albatross Bank, and on Portlock Bank (PI. 8).
Confident correlation of faults between track lines cannot yet be made.
Unconformities occur at several places on the shelf. Most commonly the sparker records show a relatively smooth unconformity surface separating folded and faulted bedrock below from flat-lying sediments above. The sparker records that extend beyond the shelf break, onto the continental slope, often show one or two unconformities separating sediments with successively decreasing dips above each unconformity surface.
-The uniboom and 3.5 kHz records vary in quality according to the factors mentioned earlier. The uniboom records on Kodiak Shelf commonly show slightly undulating subbottom reflectors of irregular reflectivity. Zones of transparent, opaque, and inclined sediments also commonly occur.
Hogback ridges occur on Albatross and Portlock Banks. In these areas, inclined bedrock has been sculpted by differential erosion, and a significant cover of unconsolidated sediments is absent.
The sediments of Kodiak Shelf are distributed in relation to the physiography (Fig. 4, PI. 9 ). The broad, flat elevated banks are covered by sands that commonly contain coarse material, up to boulder size, but rarely contain significant quantities of silt and clay. The sediments of the troughs, on the other hand, typically are finer grained than those of the adjacent banks, and a few are composed almost entirely of silt and clay. Gravel and coarser material does occur in the deep areas, however.
As in Cook Inlet, the composition of the sand fraction is quartz, feldspar, heavy minerals (hornblende, epidote, garnet, biotite, opaques, and others), and rock fragments (schist, phyllite, and less common volcanics).
Heavy minerals and rock fragments are abnormally abundant in many samples, reaching up to a total of 75%.
In addition to epiclastic debris, the sand-size fraction also contains shell material and volcanic glass. The shell material is made up of various proportions of crushed megafaunal shells and of foraminiferal tests. Although not noted on the textural map, many of the bank sediments are predominately shell material (Table 4) .
Fragments of volcanic glass are present in most unconsolidated sediments recovered from Kodiak Shelf, but are most abundant in the trbttgb areas. Some essentially pure ash layers were encountered in the troughs, and some other trough sediments contain more than 75% volcanic glass.
The gravel to boulder-size material of Kodiak Shelf consists mostly of dark-colored slate and phyllite, with granitic types present in some instances Bedrock recovered from dart coring of the hogback ridges is mostly olive gray to gray siltstones and silty sandstones. Most of the core samples are barren of nannofossils, although a late Tertiary to Quaternary nannofossil age was determined at one site (Table 2 ). Attempts to date the bedrock by foraminifera and by pollen are currently underway.
The few sediment samples recovered on the continental slope off Kodiak are muds and sands containing some gravel, pebbles, and cobbles. A more extensive sampling program is necessary to characterize the slope sediments.
According to our records, the surface of Kodiak Shelf, both on the banks and in the troughs, generally is smooth and devoid of extensive bedforms or slumps. A side-scan sonar survey (Fig. 3) 
